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Abstract 



Modified water-soluble glucose dehydrogenase having pyrrolo-quinoline quinone as a coenzyme are 
provided wherein at least one amino acid residue is replaced by another amino acid residue in a specific 
region. Modified water-soluble PQQGDHs of the present invention have improved thermal stability. 
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(57) Abstract 

A modified glucose dehydrogenase characterized in that, in a water soluble glucose dehydrogenase accompanied by pyrrolo-quinoline 
quinone as the coenzyme thereof, one or more amino acid residues in a specific region have been substituted by other amino acid residues. 
This water soluble PQQGDH has an improved heat stability. 
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mmm 

5 w/sm 

*58iiaKnp + ; U>^y>S*l»*tr*^3-XK**»* (PQQ 

g-T^o ^3-X«^:-^^^-1f (GOD) 
6 U (G6PDH) £JB V> 9 

20 

P QQGDH(J^3"^ fc#LT»V>ttfc«tt**LW* d £ £tf P Q 
25 QGDHtt«»*«S^S!©»*T»*fc«>*^S^i:bTB6*^Si:b^^ 

PQQGDHte, 

&T£. PQQGDHfcW:, «B*tt»*t3Wgtt»«*«*«. ■WHMSPQQ 
GDHI1 »flfi8 7 kDa©'»^K^I«ae«"C*0, 
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Btt8££^Tj£<SV»£3ftTt>3. *SttPQQGDHttAc i ne t ob 
acter calcoaceticus <D^< -OfrOWlZ&^T^CDft&tfB 
fS£ftT£D (B iosci. Biotech. Biochem. (1995), 
5 9 (8), 1 5 48- 1 5 5 5) , f *ieWo-->m7$y 
5 &EW$e>fr{C£ftTVi5 (Mol. Gen. Genet. (1 9 8 9) , 2 
17:430-436) . A. calcoaceticus fiJfetoSttPQQG 
DHU ft=?m®5 0kDaO*^7-T*5. 
&>fi, *7>^©?PF^#^-^tJ:0**tt PQQGDH OXttHAiift 

tirtf&ztit>n* m&m<D&%.mmmfrtte-ot£ (j.Moi.Bioi., 289, 319- 

10 333(1999), The crystal structure of the apo form of the soluble quinoprotein 
glucose dehydrogenase from Acinetobacter calcoaceticus reveals a novel 
internal conserved sequence repeat; AOubrie et al„ The EMBO Journal, 
18(19) 5187-5194 (1999), Structure and mechanism of soluble quinoprotein 
glucose dehydrogenase, A Oubrie et al., PNAS, 96(21), 11787-11791 (1999), 

15 Active-site structure of the soluble quinoprotein glucose dehydrogenase 
complexed with methylhydrazine: A covalent cofactor-inhibitor complex, A. 
Oubrie etaL) . nn6©H£fc«fcntf, TK^ftP QQGDHtt6^©W-*f 
-7*^«^StlS/3^'P'<7SeWXf»5 (07) c 
*5S^tt=6e*©*»ttP Q Q GD H &&&LT-£<Dm&l£&&'&it)> BffiMft 

t\z^K>. &fem*%t>tbTmwm*'&&zt\zi8,$}Ltc. 

BHfcfc&ViT* Acinetobacter ca 1 coace t i cusil 
25 7K$M4 PQQGDH (*^«»Kl*ViT«, if££!PQQGDH(i:fcft£ttS) 

o2 3 lftBo-feu^aatictta-rsTsyaga, *fc«2 0 9#io^;^ 
5 ;K»TW«nx^5isai^i'3-^R**B*taiH's. 
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£v>t, g5^j##i-e^$n*7s/®Be?ij<z), a§4 8as*>*>5 3as* if§6 

0aS*>S6 2a*, *6 9aS#&7iaS. »7 9»»3&»6 8 2«*, S&9 

iasa>5i o ias, m i oasa»e> 1 1 5 as, 812 7 as* si 3 5 

$S, 114 7aS*6 1 5 OaX, »1 6 19*3^61 6 9aS> »1 7 7* 

10 e»n 9 ax, *i 8 6as*e>2 2 ias, si§2 2 7as*<=>2 4 4as, $ 
2 5 oas*&2 5 5 as, 112 6 ias*&2 6 3 as, s&2 7 ias*e>2 
7 5 as, ^2 8 2as^e>3 4 3as, ^34 9as*e>3 7 7as, 3§3 8 
2as^e>3 9 3as, *4oo*>64 0 35ias, »4i 2«sa>&4 2 ias, 
m4 2 7as*e>4 3 2 as, ^4 3 sas*e>4 4 ias££tffg4 4 9a* 

15 i^4 6 89So<s*A^^ ; 5»«koaK$n* 1 &%L\**ti&si:o)mmz$>^ 
t, 1 $fci*eftEU:©7 5 j mmtim<D7 $ y agas-rg&s nx** 0 . a 

cinetobacter calcoaceticus fi&TK^IiPQQGD 

*?£b<te, *58WOefc«aPQQGDHtt, 5 0t:T10^MI 

«kD#*L<«2 0XEU:ai<» £Sk:8P*L<ra:3 0 KEJLb*V>. £fc#l£L 
*^i«SPQQGDHIl 5 5tCi3lt5W¥i«lli«IP 

* L ^&$£M PQQGDHH M^m^ lT3i£n57$ymi5 
25 mo® 2 2 7aS*S 2 4 4 aS, *1 8 6SS^& 2 2 lStS£fcttH4 1 2 

as* 6 4 2 ias©*«iw*^T» i*fctt^nu±o75yKas**fl&o7 

S/maSTg^^nTV^. £Sld?£U<&, *»WOBfe3ESPQQGDH 
te, E^J#^lT3S$n*7Sy»E?!l02 3 l#ao-fe'J>aS*<, 'Jy'X 
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5 *fc»J0«jfek:*^Ttt, *58^0Bfe35SPQQGDHtt, SH^U : 

Asn Leu Asp Gly Xaa231 He Pro Lys Asp Asn Pro Ser Phe Asn Gly Val Val Ser 
Xaa231t*Ser^0^75/®3l*T&£j 

Gly Asp Gin Gly Arg Asn Gin Leu Ala Tyr Leu Phe Leu Pro Asn Gin Ala Gin 
10 His Thr Pro Thr Gin Xaa209 Xaa210 Leu Asn Gly Lys Asp Tyr His Thr Tyr 
Met Gly 

[s£*, Xaa209 &£ZS Xaa210 ttffiSt®^75 7 Bt»£T*3, fc£U 
Xaa209 # Gin 1 Xaa210 ft Glu TttfcH] 

££«@a?'J : 

1 5 Pro Thr Tyr Ser Thr Thr Tyr Asp Xaa420 Xaa421 

[5£<K Xaa420 %>&Zfi Xaa421 tt*<D^7S y»38aiT?»a, £i£U 
Xaa420 # Asp Xaa421 Ala 

-x^K^^^tf -x 7 y -fe-f * y h #MUn -x-fe >+>- 
#Sg <& BfcgM P Q Q G D H <DmmW QKfcttSV »J»Sfe3ttt S^TL* fr-D#)Vn 



4 



WO 00/61730 



PCT/JPOO/02322 



BIB, ^Wmz^xm^tz-fyXB. FpGB2 0M^t, 

5 -r. 

m 6 tt, #529!03fefEl! P Q Q G D H V> *S*-fe >U— U ^ ~> 
10 a >jl— ^Sr^T. 

H7Kk TlCjSttGDHO h^Dv— £tkT (Oubrieetal.,Fig.4) 0 



BfegEgjPQQGDHiPttijS 
15 #5e9!#tt. TKiSttPQQGDH&D-H-rsae^on— >y<B«4 J t 

fc&U »ffl.Sft©PQQGDH©a#SttHOViT^^U-->^UT» ^ 
3ett©lRl± l^fc P Q Q G D H SSSSt* S^SftOf a - > 
20 ^ne>cD^n->o-o(co^Tjte™^J^^bfetc:5, Sg2 3i#g 
OSe r#Cy &\zn&t£tlXH&Z.£ifitt®L1Z. Z t>\ZZ.<D&&*mx m\ 

QGDHJ: 0 fc&££ttfc«ftfc&£S^;W*Sttfc. 
7KSfttPQQGDHtt6 t)<OW- : E5 L -7*^*J53t$n5 /3 yn^SSK© 
25 «5I£WbW5. *^B^^*3ViTH, JV-^O lOT$^^2 2 7» 
t>2 4 4&M(Dmi&*<D%2 3 l#i<DS e r £flH<Z)75 /KKtUftf 

2 l^SO^-^C#^ETS2 0 9#g(DG 1 n£Ly s (C, |Wj 2 1 OtiOG 
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luSLysL SI 4 1 2?5Sfrb4 2 1 M0;k-7°IC??ftT& 4 2 0#l© 
As p£Ly sic, ID4 2 1#@<7)A UHs pta^Ufc<h^5. &gm& 

TRJ&ftPQQGDHlCfcVvrtt, W-^-7lB0;i^:7<ra0M©ttSflyB# 
l;^LfcSer231, Gln 2 0 9, G 1 u 2 1 0, A s p4 2 0, Ala4 
10 «*0»5fiafiKF©#«0»ttK:IBJIft*Ar * C t fc«k D P Q Q G DH©i$ 

#$S93©Bfc2£S!PQQGDHW:, S?lI##lT*SnS»^S!PQQGDH© 

15 -Tftfr-fe, #5691tt, hfna^y U>*y >*»»*t*r*^a-XK7K*» 
*£fcWTr, SB^J#^-lT^$n§TS/^E^J©, 854 8S*J&>S5 3S** 
fg6 0S*fr&6 28*, Jg 6 9^*^6 7 13i*> SI7 9»S^6 8 

^9 laat^e. i o ia*. sei i o»*a>e 1 1 5 as, mi 2 7«*a>'& 1 

3 5»*, £14 7«**>5 15 0»*, »16 1«**>5 16 98*, *1 7 
20 7^6 1 7 98*. £1 8 6S*J&>6>2 2 l8s*> Sf§2 2 73Mfe&>&2 4 4?IS, 
SH2 5 0^S^8>2 5 Sf§2 6 l»e.2 6 3ggg, %2 7 lSIS^b 

2 7 5£SS> f2 8 2»^3 4 3^ ^3 4 9»^3 7 7^I, ff§3 
8 2gS**>6>3 9 3&*, £4 0 0**6 4 0 33»*» S&4 1 281***64 2 1» 
g, %A 2 7^***6 4 3 2^S, »4 3 8Si*»&44l!li*J;^4 4 9 
25 81***6 4 6 8^SO««A^^5»«k0SKSns 1 *fctt-?-n^±0ffi«tC 

£v*t, i *fctt*n«±©75 ;KSi»7$ mmmxwmnx^ 
*5fiswrs, asdaapQQGDHfesift-ra. 

*fSW©»*bVi3fe3gSPQQGDHtt, E^iJ#^ 1 ^$^7^ yMg23*J 
©^2 2 7^***6 2 4 481*, SB 1 8 638X^2 2 15li$fctt*4 1 2» 
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\t. mmm-cmznz>7^;®mq<D2 3 i#gcD-feu>$s^\ uy>, 

iii)55'Jy>^iT. £££4 2 0#g©7XA^>&geg#'J v>^*T, 

10 Asn Leu Asp Gly Xaa231 lie Pro Lys Asp Asn Pro Ser Phe Asn Gly Val Val Ser 
Ktp, Xaa23lteSer^©30*75/g^gT&£] 

Gly Asp Gin Gly Arg Asn Gin Leu Ala Tyr Leu Phe Leu Pro Asn Gin Ala Gin 
His Thr Pro Thr Gin Xaa209 Xaa210 Leu Asn Gly Lys Asp Tyr His Thr Tyr 
15 Met Gly 

Xaa209 Xaa210 ttffi;fCD3*c&7S J fcfcU 

Xaa209 1fi Gin Xaa210 \Z Glu 

££&B2JiJ : 

Pro Thr Tyr Ser Thr Thr Tyr Asp Xaa420 Xaa421 
20 tt*. Xaa420 Xaa421 &M<DXf&7 2. J M8I«T&5> fcfcU 

Xaa420 Asp Xaa421 Ala Tteft^] 

25 Tt>«fc<, Sfcffi^75/m^*^#iin$nT^Tt)ci;Vio ^0<fc-5&75/& 

Sambrook 6," Molecular Cloning; A Laboratory Manual" ,% 2 
JK, 1989, Cold Spring Harbor Laboratory Press, New York lwB2$&£:ft"W ; 5. 
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zmrzmm^mv. z<DM®m-7$;wm$:wm'z>zt\z&K>. m% 

CD-^JaSrM^JLTit^T^CliJC^O, Acinetobacter ca 
lcoaceticus £&(7)7jqgteP QQGDH© 2 3 l#gtf>feU >glS, 
2 0 9#@OW5>5li, 2 1 0#g©W^5>^S, 4 2 0#g(2T 

io ®%\zmm-rz>z\trf-?z, *%w\zLfctf?T. frfrsnrnzmor^ymm 

Acinetobacter calcoaceticus &3te(D^£*<£>7K?& 
*58 W©BS3Effl PQQGDH&3-KT 5 ?c3S£>7K}3tt P Q Q G D 

20 oa^©^Ss**aSSH5^»»C*V4T»5nT*0, Sambrook 6," 

Molecular Cloning; A Laboratory Manual" , % 2 JR. 1989, Cold Spring 
Harbor Laboratory Press, New York fcffi^ttTV»3. £0«fc-3£LT»fc2£ 

25 <n^7?--m£m*mm&Wiftm\z&^T&t>nT&K), m&bisx\mx.i£> 
mm, mm. mmmmfezvn* <»*<»*%^zz\ttfx%z>. 
7>yA^mz&x-?z>m£\z\z, mmtt^^-y'mmz^x^-y'u 

g«i±p qq gdhjus^^k ^7 u-sflwrs. zn*Mm\zi&n$z& 



8 



WO 00/61730 



PCT/JPOO/02322 



5 TPMS-DC I P£SD;L, a#-r*PQQGDHOStt*a«^«J:0*iJ^UT, 

15 OttK-rs^tt«fcO. #?giE03fe£SPQQGDH£IBS-rs. 

*56WOPQQGDHtt, PQQ£»#*tlT, if)VU-X&Wi1£\sT>f)V 

itbtlt PMS (7ity>^W7x-b) -DC IP (2, 

6-y^Dn7x;-M>F7xy-JW , 7x U ~>7 U 7xO 

25 ^HJ©^iPQQGDH©i^tH (0d&tf 5 5-C) T< 

fcfc^-rsMfcB-rsrtn (t 1/2 ) *»*tUT*sns. **v*tt, s»s 
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10 *38E«£fc, *»Wtt«"5Bfc3Ea!PQQGDHS^tr^;i/ri-^7yfe-f^ 
Mi, *56^©Qk3eS!PQQGDH{CjlB^T, Tyt^f C&S&ttfffl& *<T4 

Hfi-VZZ, Jff*U<tt*58W©3fcSEi!PQQGDHtt3jND<bbfc»!n?a^n 
20 *56§att*fc, *56^tC«£'5aSc3SS'PQQGDHSfflVi5^3-X't>-tJ— 

fc^m^-rs. mattTtt, #-#>m@, a&m«fc£fcJHv>, n 
urn, ft#?'?bvy>7xtp\z%xfz>ijm* mmmrwmr^m. y&m& 

7#»*©#tR-CH!£fl:U PQQS»J©«£LT*fctt«tt*T!«IW-S 
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GDH£#-#>ttffi±lClS£flSbfc&, 7$>l^ftl)gtitj!!lILT^JV 
WifcfcAtt, PQQ^CaCl 2 , fc«fctf*7>rx-*-£ifl]*.T-j£iB& 

^Ag/Agci^) ^-#>msic-^omEE5:EnjnLT, m 

3\m\z£K)*wMm\z&r)&%.nz>b<D£-tz>. *ffl«*trrs«3yf± 

3BOS««»:3a:5aiHT»SB*«rl'lFtaH¥^l 1-10 1 1 4 3#i5«J:tf 2 0 0 

15 0-915 2^<Dwmm\zumoftmt±T5\m\z&Q*mm&\zj&K>&&nz> 
£rF<DnmM\z£o*?£wzi* z>\z&&mz8ffltz>tf, *%m\z$mmz& 

20 %mm i 

y5^SKpGB2tt. ^^^-pTrc99A (7 t )VV i/7#£b 
5=- # □ — - > \Z . Acinetobacter calcoaceticus fi$fcPQQGDH£:3— K 
T£fcSS*£?£#ALfc s fe®T&S (HI) . Z.CD'fyX^ V&r>Zfl"- h 

PCRSfSH ilHitMCWT, 9 4C3^M. 9 
4*C3#M, 5 0t2m *«ktf7 2^2#IW£3 OlM^k S&K7 2 , C 
7? 1 0 £M<D*frTfTofc. 
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TaqDNA^'J/7 — if ( 5 U / u 1) 0. 5m 1 

x>7V-hDNA 1. Owl 

5 7*'7-F77'f7-ABF 4. Otf 1 

i JA-7n7*7'T'7-ABR 4. OmI 

10X \Zn*jV7— 10. Owl 

1M fl-^JUTJT'hX^y-^ 1. Owl 

DMSO 10. Owl 

10 5mM Mn C 1 2 1 0. 0 w 1 

1 OmM d GTP 2. 0 w 1 

2mM d ATP 2. OM 

1 OmM d CTP 2. 0 u 1 

1 OmM d TTP 2.0^1 

15 H A P 5 1. 5 u 1 

10 0. Owl 

ft 6 ttfc&ftzk&tt PQQGDH07^^7'J - JBl^tC7£5tfe& L , 

20 3 oiHiwaabfca^ W3-^^pms-dc i p£in*., aarr*p 
^0-5^ioo^p->*tt3Sca^ ae^^!i*»«Tbfct^5. H23 

25 £»J 2 

PQQGD HitCT £>$fl 
@2^iJ#-% 2 (Ctk $ tl 5 Acinetobacter calcoaceticus fi&PQQGDH <D#t 

2 0 9#i<BiWS>8S. 2 1 0#B®£W5>&8&. 4 2 0#B<D7 
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*2 



10 S231D 5*-C CTT TGG AAT ATC TCC ATC AAG ATT TAA GC-3 1 
S231H 5'-C CTT TGG AAT ATG TCC ATC AAG ATT TAA GC-3' 
S231K 5'-C CTT TGG AAT TTT TCC ATC AAG ATT TAA GC-3' 
S231L 5'-C CTT TGG AAT CAT TCC ATC AAG ATT TAA GC-3' 
S231M 5'-C CTT TGG AAT AGT TCC ATC AAG ATT TAA GC-3' 

15 S231N 5'-C CTT TGG AAT ATT TCC ATC AAG ATT TAA GC-3' 
I278F 5'-C AAT GAG GTT GAA TTC ATC GTC AGA G-3' 
Q209K 5'-G ACC ATT CAG TTC TTT TTG AGT TGG C-3' 
E210K 5'-G ACC ATT CAG TTT TTG TTG AGT TGG C-3' 
D420K 5 '-A CAT CGG TAC AGC TTT ATC ATA AGT AG- 3' 

20 A421D 5' -A CAT CGG TAC ATC GTC ATC ATA AGT AG-3' 

^^-77^*FpKF18k (^ffiifi (HO ) £ Arinetobacter 
calcoaceticus Q Q GDH^H- h*T5»£^©-£B£^tr Kpn I-Hind 

m tii} 1 r&iB.friLfr* Z.n^y'fU-htVtCo ^C0f>yU-h 5 Ofinol t 
(80 §3Mu t an -Express Km+*; MlftM© 

25 •fel/^'>3>^ , ^-r^-5pmoL U yWUtVitf-yy h-Jy-i T- 5 Opmol 
(2 Owl) Ol/l h07=-'J>^y77-tifclc 

k^y3>7*7^T-lipKF 1 8 kO*^-7'f'»iiiffite j f : ±lC**— fi© 
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T-£7--U>^£iifc. Z.ft\z3 u 1 (DfflZ-y Mnf/->3/A';77 
U10T4 DNA'J^'-t', 1«1®T4 DN A#'J / 7— tffc«ktf 
5 1 ©«S#&mjSLTffl«8fc£j£bfc. 
cn*DNA©5X7y^^«ffi^iat*T?*5 E.coli BMH7 1-18 
5 mutSKJBJHgftU -SfcJg£5J&^£fToT:7*77 > 5 H*«B$*fc. 

C^fettat^^SH* E.coli MV118 4l3«fe|ftU ^ 

GB 2 lO^iPQQGDH?;^- KT^itfe-?© Kpn I-Hind III #r)tchA 

&&£B*0iiis 

^£M££teefc^SPQQGDH£3-K-r£3i£^£> E. c o 1 ifflcoSS 
S^^-T?»5pTrc9 9A (7 7^y7tt) U-~ >W( 

15 McftAU m^ntz^^T,^ K£ E.coli DH 5 a&fcJBSNte&Lfc. Zltl 
£4 5 Om 1 (DLigii (7>fc!*>U > 5 0 u g/m 1, ^D7A7x-^-^3 
Ojig/mlM) t«P77X3$ffl^T3 7 C CT-Hfctg£-5J&^U ImM 
CaCl 2 . 5 0 0 MMPQQ$ttf7 1 OLfcJftlCttnlLfc. $&Mte&tt3 
StriT<yyn^^77 hvh*£i«g0. 3mMK&£<fc5K»U 

20 -tfc&l. 5l*M«*L;fc:. mmfefrZ&'bftm (5000Xg, 10», 4*C) 
TSfftiEPKU £CD@#:£:0. 8 5 %N a C 1 &$n?2 HJift&Lfc. ilMLfc 
&&*~7V>?'7V7sXWfr\s. &Wm (lOOOOXg, 15». 4*C) TTfciK 
fl?«©Mft:*l»*bfe. ±»*jffit^« (l60500Xg (40000r.p.m.), 9 0^ 

25 xm^tzo 

2t>\Z, Z\o UT»fc*JgfflS#* 1 OmM'J >K«««[p H 7 . 0 T-UfBS 
=tfrbfe 0 ItfTlfc^>7 , J^l 0mMU>SiWpH7. OT^fMkbfcHI^ 
t>»07h^77^f-ffl»7ATSKg e 1 CM-TOYOPEA 
RL 6 5 0M (*yH*5t£tfc) t!R#$1i-fc. u©*7AS10mMU>K 
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I«SpH7. 0. 7 5 0m 1 Tifci*L&&, 0-0. 2M N a C 1 £^tf 1 
0mMU>WipH7. 0%m\ S^£*£{iJ£ life. Stiitt 5m 1 /m i 
nT'rrofc. GDHfglt^Wr^il^^tHl^L, 1 OraM MOPS-NaOH 

mmm (pH7. o> r—^mmLtco z.(D^.o\zLxmmmmzi^-tm^ 

5 iPQQGDHISI^Ifc. ^n^^^D n atUTOT©^5S^{I*5^T 

glWTOilOmM MOPS-NaOHW (pH7. 0) ff(C*3 
10 l^TPMS (7ity>^#7i-M -DC IP (2, 6-/7nD7i 
y-M>F7xy-;W DCIP£D6 0 0nmOmM« 

l^lill/imo 1 ®DC I P^jt7C$n^)^?S14^13L-^ htL7Co £7c, 
DCIP©pH7. OtC^S^M^f&tel 6. SmM-'tlfc. 

15 mmm 5 

H»J 3 Tt# £ n7c^S*5«t^a:^ P Q Q G D HOffiifiSgg^MS:^ 
nftllyMPQQ, ImM C a C 1 2 #&TT 1 S$P B 1£Lh*nfl;L£^ 5 

o%\zi&yrz<D\zw : 'rz>tifffl (t 1/2 ) tuiifc. 
&$k*n 3 (c^-r. 

l£3 

25 

Li/ 2 J£L 

S 2 3 IK 
S 2 3 1 L 



1 0 
9 5 
1 6 
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S 2 3 1 D 2 5 

S 2 3 1 C 5 0 

S 2 3 1M 14 

S 2 3 1H 15 

5 S 2 3 1 N 5 0 

I 2 7 8 F 2 5 

Q2 0 9K 4 0 

E 2 1 OK 4 0 

D4 2 OK 2 0 

10 A4 2 1 D 80 



*&m<D&£M PQQGDH© 5 5*C \Z^mWS^(D^im\i^"ftl 
^PQQGDH(D5 5t;fc:W53&&»0¥»8I£Dg< , SF&SPQQGDH 

15 mmm g 

nmmnii&mo^mm 5 0 , s 2 3 1 K5fe3ss»*©a&*«©^« 

20 J8fcUl#T&^£. 

3 T»&nfc»fefH»**«fcr^S 2 3 1 K«S»i!i<E>*if$aB£35 
«fl**n^ni tfMPQQ, ImM CaC 1 2 #£TTll$HEU:#Bfl:U 
fc. .UMPQQ, ImM CaCl 2 , 1 OmM MOPS|g«^(p 

H7. o) +t?. i&«*nfciin?i o#Nw>*:i'*-hi/&a, *±t,%& 

S|g*£0 3 KjkT. S2 3 1K^Sii(l 4 0'C^£>6 2. 5T:3n?©& 
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mmm3rn^ntzs 2 3 iKBfe«s!»*oa»»»*«a*^n-?ni uu 

P QQ, imM CaC 1 2 #aTTll^M^±*n<ktfc. 8 7 u 1 

f-^ML. 3 At 1 <Z)?£tttiH (6mMDC I P 4 8 m 1 , 6 0 0mMPMS 
5 8u\, 10raMU>lWpH7. 0 1 6 u 1 ) &£&&m&<OD->f)V 

fc. llfS^^^D'y^*^. Kmfc«ktfVmax£3fci&fc. S2 3 
lKO^;W3-^fc>ttt* SKmlttt*?l2 OmMT&D, Vma xl(i3 3 0 0 U 

10 nKmIttl<)2 OmM-CfeD, Vmaxfil«±m:«tO 2 5 0 0- 7 0 0 
OU/ragTS^. H©*S*#S» S2 3 1KfflPQQGDH(t ^tSP 

7^ h-T^cfctf^h-X^fflV^ 1 AtM PQQ^tflmM CaCl 2 
0#ftTT 3 0 #fBH >*=ls<- b bT, 7 

25 «MPQQGDH£ffl^T^;i<0-7.£7y1M U&. S 2 3 1 K&^HB* 
UMPQQ, ImM C a C 1 2 #£TT 1 BMEUitfofcU 
«©^;Hi-X*5J;^5 wMPQQ, 1 OmM C a C 1 2 #ftTT»*ffittS 
^ffitt»W4K:IB«©»*SttO««ftt-*i;, DCIPO6 0 0 
nmORJtltCXftSfflltlfc. 05 fc?K3n*«k'5fc, S2 3 1K&fiP 
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QQGDHfcffi^T, 5mM- 5 0 mM<D®mT'!f)V3-7>Qfettffo Z. tifi 

mmm 1 o 

5 5 U©S 2 3 1 K2![fi^l:*-*> / <-X h 2 Omg fcinATSWSttJiS 

>?)\r9)V7)\rr't.* i &£tS\ OmM MOPSW (pH7. 0) 4»T^fflT 
3 0#IHM&3ILfc&, 2 0mMUv>^tJ10mM MOPSM (pH7. 
10 0) ^TMT2 O^MilT W;V7JPffc H*^a74 1 >^tfc. C<Z) 
li^lOmM MOPSW (pH7. 0) (pt^fiT 1 

U^U— > 3 >*-^|g|6tC^-r. Tftfr"fe» *f8MOBk2El!PQQGDH* 
15 ftfeitLtcMm^sV- £/HV>T, lraM-12mM0lHT^3-^Oja 

P Q Q G D HttSa^ttt-flSnT S £ fcsfc 6 , M^XIw^ ^Tsasi 
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cinetobacter calcoacet icus &3M<i&ttPQQGD 

2. van*; v >*;>*&&%£? z>?)\<n-xj&7kmmm\z&^T. a 

cinetobacter calcoaceticus **7ki§ttPQQGD 
cinetobacter calcoaceticus fi5fc7jc$£{£PQQGD 

h<d 2 1 omBoy)i?^>&mmzttm?z7$ymmmm<D7*/M&& 

15 4. t!no^yu >^ *^3-xitt7K*»*tc*^T, A 
cinetobacter calcoaceticus *&7Ki§'l±PQQGD 

h©4 2 o&E<D7xrt7*>m&&\zmm?%7$;mnmm<D7s.;m&, 

5. t?nn^yu>^y>&*l»*tr*Wn-^Jitt7k*»*tc*ViT» a 
20 cinetobacter calcoaceticus S^TK^tt P QQGD 

6. \±uu*;v>*;>&mmmtirzy)in-zM*mmm\z&^T. m 

25 6 2^», »6 9»ai^6 7 » 7 9 SS*^ 8 2 JSS, IB 9 1 

i o is*, »i i oa*^e> 1 1 saat, m 1 2 7a*a>& 1 3 5^*, mi 
4 7a*^si 5 oa& iBi 6 1 6 9^s, mi 7 7*^1 7 93 

& ^1 8 6»&ft>&2 2 l^S, SB 2 2 7»^2 4 4m ^2 5 OSS 
*»5 2 5 ^2 6 2 6 3g£, ^2 7 lM^b2 7 5^S> 
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£2 8 23KS*»5 3 4 S3 4 9»b3 7 7M, i3 8 2M^b 

3 9 3^», f§4 0 0frb4 0 f!4 1 2Bl^b4 2 13»3£, ^4 2 7 

SlSfr b 4 3 2 3£. ^4 3 8 SSgfr b 4 4 1 Sgfccktf !SS 44 9 W&fr b 4 6 
8SIX<7)M^b&SS¥£9M^£n£ 1 £tc\Z*na±.(DMmz&^T . 1 £ 
5 ^^n^cDT^y^S^^T^/^a-CS^^nT^D, Acine 
tobactoer calcoaceticus i^TK^il^Un-X^K^ 

7. S23Wf 1 T^£n37 5 7 g&B^JOSfl 2 2 7»5 2 4 4JIS0^ 

9 . ga3Ri#^ i x^n^rs. ymmmof^ 1 8 6ggs^b 2 2 1 ^s^m^ 

z>, ffij&m3iz&m<D&.&M?)vzi-zi$i7)<immm. 

1 0. m&mmT*m2nz>7^;mE.n<D2 0 9#so^;i/^s>^stcffi 

20 11. E?iJS-^lT«nST5yM^J0 2 1 0#B<B#>*5>K»£fc 

1 2 . ss?ij#^ 1 ns 7 5 j wmw% 412 b 4 2 1 ^a<£>m 
«ic*wr. 1 3itz\z*n&±(D7 $ j m$k&t)mo7 = ym^&Tg&sftT 

1 3. &?\mmTi£2nz>7$;nmm<D4 2 o*g©77^7^>R»i 
^ffi^-rs7sy»a*A^o75yKasTiiift$nTv>*, mjrsu 2iB«c 

1 4. I5^J#^ 1 tT.57 5 7 B£B3?»J© 4 2 l#B©77->ja»Hffla 
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1 5 . @H?'J : 

Asn Leu Asp Gly Xaa231 lie Pro Lys Asp Asn Pro Ser Phe Asn Gly Val Val Ser 
5 [5£«P\ Xaa231ttSer£W0^7S/B6a»T»S] 

16. SH^iJ : 

Gly Asp Gin Gly Arg Asn Gin Leu Ala Tyr Leu Phe Leu Pro Asn Gin Ala Gin 
His Thr Pro Thr Gin Xaa209 Xaa210 Leu Asn Gly Lys Asp Tyr His Thr Tyr 
10 Met Gly 

[5S«K Xaa209 &£Zf Xaa210 liftt0^7S/BSMT*5, fetch, 
Xaa209 W Gin 7? & 5 £ # » Xaa210 « Glu T tefc I > ] 

17. gB^U : 

15 Pro Thr Tyr Ser Thr Thr Tyr Asp Xaa420 Xaa421 

Xaa420 Xaa421 tt*©^87 5 fzfzL>* 

Xaa420 J&« Asp 5 £ £ , Xaa421 Ala T fclfc V 

1 8 . ft&g 1-17 ©i^rn^^B3tt©afe3Ba^;pn-xii»**»**3- 
20 H-tsate^. 

1 9 . »*JH 1 8 fcCfcOJIGrP* 

2 o . tt$£ 1 8 fcie*©»^P££trJBKtett#. 

2 1 . fc£W£»fi#fcffi*&i:nT V> 3 , 2 0 i2«tf>7&i?*te&#:. 

2 2 . M^gi 1-17 ©v>i*nd^wffi«©3fe^a^;i/D-^JK**»*^tr 
2 3 . ifc&g 1-17 ovi-rn^»ciB*©afe$a!^;i'3--^iii**»5)i*^tr 
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*2 
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35 40 45 50 55 60 65 
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H4 





IBS 


S231K 


S231C 


S231L 


S231D 


S231N 


S231M 


S231H 




100 


1 00 


100 


100 


1 00 


1 00 


100 


100 


2--tf**->-D--* 
AO-* 


4 


5 


3 


2 


6 


5 


5 


2 




13 


10 


8 


9 


13 


12 


9 


12 


TO-* 


47 


43 


46 


38 


62 


61 


43 


57 


3-o-;*W-D- 


81 


82 


76 


71 


105 


109 


80 


86 




1 1 


15 


14 


12 


20 


18 


10 


17 




7 


5 


6 


8 


12 


15 


8 


7 




61 


59 


69 


54 


73 


66 


56 


56 


7;^ 


61 


70 


69 


38 


76 


51 


41 


38 
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H6 




2 4 6 8 10 12 14 
(mM) 
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Sequence Listing 

<110> Sode, Koji 
<120> Glucose Dehydrogenase 
5 <130> YCT477 

<150> JP 11-101143 
<151> 1999-4-8 
<150> JP 2000-9152 
<151> 2000-1-18 
10 <160> 16 
<210> 1 
<211> 454 
<212> PRT 

<213> Acinetobacter calcoaceticus 
15 <400> 1 

Asp Val Pro Leu Thr Pro Ser Gin Phe Ala Lys Ala Lys Ser Glu Asn 

15 10 15 

Phe Asp Lys Lys Val He Leu Ser Asn Leu Asn Lys Pro His Ala Leu 
20 25 30 

20 Leu Trp Gly Pro Asp Asn Gin He Trp Leu Thr Glu Arg Ala Thr Gly 
35 40 45 

Lys He Leu Arg Val Asn Pro Glu Ser Gly Ser Val Lys Thr Val Phe 

50 55 60 

Gin Val Pro Glu He Val Asn Asp Ala Asp Gly Gin Asn Gly Leu Leu 
25 65 70 75 80 

Gly Phe Ala Phe His Pro Asp Phe Lys Asn Asn Pro Tyr He Tyr He 

85 90 95 

Ser Gly Thr Phe Lys Asn Pro Lys Ser Thr Asp Lys Glu Leu Pro Asn 
100 105 110 
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Gin Thr He He Arg Arg Tyr Thr Tyr Asn Lys Ser Thr Asp Thr Leu 

115 120 125 

Glu Lys Pro Val Asp Leu Leu Ala Gly Leu Pro Ser Ser Lys Asp His 
130 135 140 

5 Gin Ser Gly Arg Leu Val He Gly Pro Asp Gin Lys lie Tyr Tyr Thr 
145 150 155 160 

He Gly Asp Gin Gly Arg Asn Gin Leu Ala Tyr Leu Phe Leu Pro Asn 

165 170 175 

Gin Ala Gin His Thr Pro Thr Gin Gin Glu Leu Asn Gly Lys Asp Tyr 
10 180 185 190 

His Thr Tyr Met Gly Lys Val Leu Arg Leu Asn Leu Asp Gly Ser He 

195 200 205 

Pro Lys Asp Asn Pro Ser Phe Asn Gly Val Val Ser His He Tyr Thr 
210 215 220 

15 Leu Gly His Arg Asn Pro Gin Gly Leu Ala Phe Thr Pro Asn Gly Lys 
225 230 235 240 

Leu Leu Gin Ser Glu Gin Gly Pro Asn Ser Asp Asp Glu He Asn Leu 

245 250 255 

lie Val Lys Gly Gly Asn Tyr Gly Trp Pro Asn Val Ala Gly Tyr Lys 
20 260 265 270 

Asp Asp Ser Gly Tyr Ala Tyr Ala Asn Tyr Ser Ala Ala Ala Asn Lys 

275 280 285 

Ser He Lys Asp Leu Ala Gin Asn Gly Val Lys Val Ala Ala Gly Val 
290 295 300 

25 Pro Val Thr Lys Glu Ser Glu Trp Thr Gly Lys Asn Phe Val Pro Pro 
305 310 315 320 

Leu Lys Thr Leu Tyr Thr Val Gin Asp Thr Tyr Asn Tyr Asn Asp Pro 

325 330 335 

Thr Cys Gly Glu Met Thr Tyr He Cys Trp Pro Thr Val Ala Pro Ser 
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340 345 350 

Ser Ala Tyr Val Tyr Lys Gly Gly Lys Lys Ala He Thr Gly Trp Glu 

355 360 365 

Asn Thr Leu Leu Val Pro Ser Leu Lys Arg Gly Val He Phe Arg He 
5 370 375 380 

Lys Leu Asp Pro Thr Tyr Ser Thr Thr Tyr Asp Asp Ala Val Pro Met 
385 390 395 400 

Phe Lys Ser Asn Asn Arg Tyr Arg Asp Val He Ala Ser Pro Asp Gly 
405 410 .415 

10 Asn Val Leu Tyr Val Leu Thr Asp Thr Ala Gly Asn Val Gin Lys Asp 
420 425 430 

Asp Gly Ser Val Thr Asn Thr Leu Glu Asn Pro Gly Ser Leu He Lys 

435 440 445 

Phe Thr Tyr Lys Ala Lys 
16 450 

<210> 2 
<211> 1612 
<212> DNA 

20 <213> Acinetobacter calcoaceticus 
<400> 2 

agctactttt atgcaacaga gcctttcaga aatttagatt ttaatagatt cgttattcat 60 
cataatacaa atcatataga gaactcgtac aaacccttta ttagaggttt aaaaattctc 120 
ggaaaatttt gacaatttat aaggtggaca catgaataaa catttattgg ctaaaattgc 180 
25 tttattaagc gctgttcagc tagttacact* ctcagcattt gctgatgttc ctctaactcc 240 
atctcaattt gctaaagcga aatcagagaa ctttgacaag aaagttattc tatctaatct 300 
aaataagccg catgctttgt tatggggacc agataatcaa atttggttaa ctgagcgagc 360 
aacaggtaag attctaagag ttaatccaga gtcgggtagt gtaaaaacag tttttcaggt 420 
accagagatt gtcaatgatg ctgatgggca gaatggttta ttaggttttg ccttccatcc 480 



3/9 



WO 00/61730 



PCT/JP00/02322 



tgattttaaa aataatcctt atatclatat ttcaggtaca tttaaaaatc cgaaatctac 540 
agataaagaa ttaccgaacc aaacgattat tcgtcgttat acctataata aatcaacaga 600 
tacgctcgag aagccagtcg atttattagc aggattacct tcatcaaaag accatcagtc 660 
aggtcgtctt gtcattgggc cagatcaaaa gatttattat acgatlggtg accaagggcg 720 
5 taaccagctt gcttatttgt tcttgccaaa tcaagcacaa catacgccaa ctcaacaaga 780 
actgaatggt aaagactatc acacctatat gggtaaagta ctacgcttaa atcttgatgg 840 
aagtattcca aaggataatc caagttttaa cggggtggtt agccatattt atacacttgg 900 
acatcgtaat ccgcagggct tagcattcac tccaaatggt aaattattgc agtctgaaca 960 
aggcccaaac tctgacgatg aaattaacct cattgtcaaa ggtggcaatt atggttggcc 1020 

10 gaatgtagca ggttataaag atgatagtgg ctatgcttat gcaaattatt cagcagcagc 1080 
caataagtca attaaggatt tagctcaaaa tggagtaaaa gtagccgcag gggtccctgt 1140 
gacgaaagaa tctgaatgga ctggtaaaaa ctttgtccca ccattaaaaa ctttatatac 1200 
cgttcaagat acctacaact ataacgatcc aacttgtgga gagatgacct acatttgctg 1260 
gccaacagtt gcaccgtcat ctgcctatgt ctataagggc ggtaaaaaag caattactgg 1320 

15 ttgggaaaat acattattgg ttccatcttt aaaacgtggt gtcattttcc gtattaagtt 1380 
agatccaact tatagcacta cttatgatga cgctgtaccg atgtttaaga gcaacaaccg 1440 
ttalcgtgat gtgattgcaa gtccagatgg gaatgtctta tatgtattaa ctgatactgc 1500 
cggaaatgtc caaaaagatg atggctcagt aacaaataca ttagaaaacc caggatctct 1560 
cattaagttc acctataagg ctaagtaata cagtcgcatt aaaaaaccga tc 1612 

20 

<210> 3 
<211> 18 
<212> PRT 

<213> Acinetobacter calcoaceticus 
25 <220> 
<222> 4 

<223> Xaa is any amino acid residue 
<400> 3 

Asn Leu Asp Gly Xaa He Pro Lys Asp Asn Pro Ser Phe Asn Gly Val 
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15 10 15 

Val Ser 

<210> 4 
5 <211> 36 
<212> PRT 

<213> Acinetobacter calcoaceticus 
<220> 
. <222> 24 

10 <223> Xaa is any amino acid residue 
<222> 25 

<223> Xaa is any amino acid residue 
<400> 4 

Gly Asp Gin Gly Arg Asn Gin Leu Ala Tyr Leu Phe Leu Pro Asn Gin 
15 1 5 10 15 

Ala Gin His Thr Pro Thr Gin Xaa Xaa Leu Asn Gly Lys Asp Tyr His 

20 25 30 

Thr Tyr Met Gly 
35 

20 

<210> 5 
<211> 10 
<212> PRT 

<213> Acinetobacter calcoaceticus 
25 <220> 
<222> 9 

<223> Xaa is any amino acid residue 
<222> 10 

<223> Xaa is any amino acid residue 
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<400> 5 

Pro Thr Tyr Ser Thr Thr Tyr Asp Xaa Xaa 
1 5 10 

5 <210> 6 
<211> 30 
<212> DNA 

<213> Artificial Sequence 
<220> 

10 <223> primer for point mutation 
<400> 6 

cctttggaat atctccatca agatttaagc 30 

<210> 7 
15 <211> 30 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> primer for point mutation 
20 <400> 7 

cctttggaat atgtccatca agatttaagc 30' 

<210> 8 
<211> 30 
25 <212> DNA 

<213> Artificial Sequence 
<220> 

<223> primer for point mutation 
<400> 8 
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cctttggaat ttttccatca agatttaagc 30 

<210> 9 
<211> 30 
5 <212> DNA 

<213> Artificial Sequence 
<220> 

<223> primer for point mutation 
<400> 9 

10 cctttggaat cattccatca agatttaagc 30 

<210> 10 
<211> 30 
<212> DNA 
15 <213> Artificial Sequence 
<220> 

<223> primer for point mutation 
<400> 10 

cctttggaat agttccatca agatttaagc 30 

20 

<210> 11 
<211> 30 
<212> DNA 

<213> Artificial Sequence 
25 <220> 

<223> primer for point mutation 
<400> 11 

cctttggaat atttccatca agatttaagc 30 
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<210> 12 
<2 1 1 > 26 
<212> DNA 

<213> Artificial Sequence 
5 <220> 

<223> primer for point mutation 
<400> 12 

caatgaggtt gaattcatcg tcagag 26 

10 <210> 13 
<211> 26 
<212> DNA 

<213> Artificial Sequence 
<220> 

15 <223> primer for point mutation 
<400> 13 

gaccattcag ttctttttga gttggc 26 



<210> 14 
20 <211> 26 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> primer for point mutation 
25 <400> 14 

gaccattcag tttttgttga gttggc 26 



<210> 15 
<211> 26 
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<212> DNA 

<213> Artificial Sequence 
<220> 

<223> primer for point mutation 
5 <400> 15 

acatcggtac agctttatca taagtag 27 

<210> 16 
<211> 26 
10 <212> DNA 

<213> Artificial Sequence 
<220> 

<223> primer for point mutation 
<400> 16 

15 acatcggtac atcgtcatca taagtag 27 
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